Objective: We obtained before an explanatory model with six dependant variables: age of the patient, total cholesterol (TC), HDL cholesterol (HDL-C), VLDL cholesterol (VLDL-C), alkaline phosphatase (AP) and the CA 19.9 tumour marker. Our objective in this study was to validate the model by means of the acquisition of new records for an additional analysis. Design: Non-paired case control study. Setting: Urban and rural hospitals and primary health facilities in Western Andalusia and Extremadura (Spain). Patients: At both the primary care facilities and hospital level, controls were gathered in a prospective manner (n= 275). Cases were prospective and retrospective manner collected on (n=126). Main outcome measures: Descriptive statistics, logistic regression and bootstrap analysis. Results: The AGE (odds ratio 1.02; 95% CI 1.003-1.037) (p= 0.01), the TC (odds ratio 0.986; 95% C.I. 0.980-0.992) (p< 0.001) and the CA 19.9 (odds ratio 1.023; 95% C.I. 1.012-1.034) (p<0.001) were the variables that showed significant values at logistic regression analysis and bootstrap. Berkson's bias was statistically assessed. Conclusions: The model, validated by means of logistic regression and bootstrap analysis, contains the variables AGE, TC, and CA 19.9 (three of the original six) and has a level 4 over 5 according to the criteria of Justice et al. (multiple independent validations) [Ann. Intern. Med.1999; 130: 515].
Introduction
Since publication of the work of Rose et al. [1] on the relationship between plasma cholesterol and malignant neoplasia of the colon, there have been multiple bibliographical references for and against this association [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Presently, it is not possible to confirm a clear relationship between the appearance of sporadic colorectal carcinoma (SCRC) and the diminution of the plasma cholesterol or some of its fractions, nor have different groups of patients (genetically or clinically) been discriminated with SCRC and the ex-istence of the said lipid marker. An abundance of bibliographic sources in favour of the prognostic value of tumour markers, both in pre-clinical and therapeutic phases, exists [13] [14] [15] [16] [17] . Carcinoembryonic antigen (CEA) is a glycoprotein normally present in plasma in very small amounts (on the order of nanograms) that increases in the presence of occult adenocarcinomas. Its usefulness in colorectal carcinoma [13] [14] is well described both in the diagnostic phase and in clinical follow up [15] . CA 19.9 is a tumour-associated antigen that is present in tissues that contain mucin or in the circulation, and that is located in the sialylated Lewis A blood group antigen [16] [17] [18] . The individuals with the Lewis a-b genotype cannot synthesize this antigen (an approximated 5% of the general population).It was first used for the diagnosis and follow up of carcinoma of the pancreas, but its usefulness has also been demonstrated in SCRC [17] [18] . Elevated values have also been observed in cases of stomach carcinoma, carcinoma of the gall bladder and/or biliary tract, and hepatomas. Up until now it has not been considered as a valid instrument of SCRC screening because of its low sensitivity. It should be useful, indeed, an instrument that mix these three plasmatic markers (cholesterol or its fractions, CEA and CA 19.9) at early SCRC stages. We published a work previously on the relationships that could exist between both types of substances at the time of the clinical appearance of SCRC [18] . We obtained an explanatory model with six dependent variables: age of the patient, total cholesterol (TC), HDL cholesterol (HDL-C), VLDL cholesterol (VLDL-C), alkaline phosphatase (AP) and the CA 19.9 tumour marker. Our objective in this article has been to validate the model by means of the acquisition of new records for an additional analysis.
PATIENTS AND METHODS
The study was designed as a non-paired case control study. The new cases and controls has been collected over a period of approximately three years from both urban and rural hospitals and health centers in Western Andalusia and Extremadura (Spain). The investigators who collected information in the health centers (primary care controls) were family doctors with more than three years work in their respective facilities.
The investigators who collected at the hospital level (cases and controls) were specialists and training residents in internal medicine, neurology, allergy, and clinical pharmacology, and also family doctors in training o recycling periods. The objectives of the investigation were explained to all participating physicians and they were provided with record sheets that contained the exclusion and inclusion criteria.
At both the primary care and hospital level, controls were gathered in a prospective manner. Only one hospital control (Virgen del Rocío University Hospital) was retrospective. The primary care controls were collected in the following health centers: Pilas (Seville-Rural), Camas (Seville-Rural), Huerta del Rey (Seville-Urban) and Mérida (Badajoz-Rural). The cases pertaining to this new sampling were gathered in a retrospective manner from the archives of the Virgin Macarena and Virgin del Rocío Hospitals of Seville, the General Hospital of Mérida and also from the Juan Ramon Jiménez Hospital in Huelva by consulting clinical histories, chosen in a random manner, over a period of five years (2000) (2001) (2002) (2003) (2004) .
The inclusion and exclusion criteria used in this part of the study were the same as for the first part of the investigation [18] . The diagnostic criteria for inclusion of the cases were positive endoscopy and biopsy; those of exclusion were the existence of remote metastasis, a severe dislipaemia, coexistence with another neoplasia, hereditary polyposis syndrome, hereditary non polyposis colorectal cancer, intestinal inflammatory disease, non-epithelial neoplasias and the immunodeficiency disorders. Consequently Dukes' stage IIA was the maximum SCRC stage seen [18] .
For the controls, the inclusion criterion was the absence of SCRC. The exclusion criteria were any type of malignant neoplastic disease, existence of pre-malignant colorectal lesions, a severe disorder of lipid metabolism and the immunodeficiency disorders. Neither colonoscopies nor opaque enemas were performed in the controls. Two years after the selection of the controls in primary care, a complete telephone follow-up was conducted to determine if any controls had developed SCRC in the clinical phase.
The total cholesterol was measured using the TECHNICON RA system. The HDL cholesterol was measured by the precipitant method. In the original sample [18] , LDL cholesterol was calculated using the Friedewald formula [LDL = TC -HDL -TG/5] (where TG = Triglycerides). The VLDL was also calculated using the Friedewald formula [VLDL = TG/5]. The TG levels were determined by means of colorimetric enzymatic test consisting of enzymatic hydrolysis of the TG and the later measurement of glycerol by means of colorimetry [18] . CA 19.9 (sialylated Lewis blood group carbohydrate antigen) was determined means of a "sandwich" technique similar to that used in the measurement CEA [13, [17] [18] .
The information gathered in this article dates from 1992 until 2004. The definitive sample size (n = 401) was obtained by uniting the original sample [18] with the multicenter sample gathered in this validation work. Quality control was carried out by two different investigators with special interest in the records gathered by the different collaborators. The fruit of that qualitative examination was the rejection of a total of 9 controls and 3 cases at the defining moment of the construction of the data package. The fundamental cause was the lack of fulfilment of the inclusion criteria. The assembly of the previous data package with a total of 93 records (53 cases and 40 controls) in DBase IV format was combined with the new data package in an EXCEL format and with a total of 308 records was made. The package in EXCEL format was exported to SPSS format for its later statistical analysis, and the quality controls were also made at this stage.
Statistical analysis
An initial study was made on the set of records to obtain centralization and dispersion measures. Excessive values were considered as outliers; they were included in the final quality control because they could not be excluded based on the eligibility criteria. A normality study of the quantitative variables in the combined sample was carried out, including both the controls and the cases, by means of the Kolmogorov-Smirnov test [19] . A bivariate analysis was made by means of the Mann-Whitney U-test [19] . A logistic regression (LR) analysis was carried out and did not determine a departure from the model obtained in our previous study [18] , with the fact of being case or control as dependent variable and the variables age in years (AGE), total cholesterol (TC), HDL fraction (HDL), VLDL fraction (VLDL), alkaline phosphatase (AP), and the CA 19.9 marker as predictors [20] . Sample size was taken into account [21] . A first analysis was made on the "raw" data package. The selection of variables was always backward. In the variables in which lost information surpassed 20%, we decided to impute values by means of the SPSS Program (linear interpolation).
Validity
We tried "to repeat" the observational analysis of our previous study [18] with the application of non-conditional LR to the new data package to validate it in accordance with the criteria of Justice et al [22] . In order to appreciate if Berkson's bias [23] (internal validity) [24] influenced our observations and results, we designed a double study with LR, first constructing a statistical model with the controls gathered in primary care and the cases, and later, by constructing another model with the controls gathered in the hospitals and with the same cases. Finally, both models would be compared. If Berkson's bias existed and following the ideas of Feinstein et al, the controls gathered in primary care would tend to elevate the odds ratio (OR) in a structural manner in the designs of cases and controls [23] . As a final step in the validity study, a "bootstrap" analysis was applied to the complete sample of cases and controls [25] [26] . By means of program R the following computer algorithm was applied: 1) Generation of 2000 "bootstrap" samples. 2) For each sample, a model of LR was adjusted by means of backwards selection, calculating the area under the receiver operating characteristic curve (ROC). 3) Summary of each one of the set of 2000 "bootstrap" coefficients [25] [26] .
RESULTS
The final sample was composed of a total of 401 elements (126 cases and 275 controls; control/case ratio = 2.18; prospective / retrospective ratio = 4.41). Men accounted for 188 (46.9%) and women 213 (53.1%) of the patients (Pearson's Chi-square test; p > 0.05). The centers of origin are shown in Table 1 . There were no significant differences when contrasting sex and center of origin (Pearson's Chi-square test; p>0.05). The descriptive statistic is gathered in Table  2 . The values obtained for the Kolmogorov-Smirnov test (study of normality of continuous variables) are shown in Table 3 . Table 4 shows the application of the Mann-Whitney U-test to the continuous variables to study differences between the distributions between the cases and controls. The adjustment of the non-conditional logistic regression model, on the total data set, is shown in Table 5 . The same type of analysis, but with the primary care and hospital controls are shown in Tables 6 and 7 , respectively. The interaction [CA 19.9 x AGE] is in Table 8 . The "bootstrap" analysis is shown in Figures 1 and 2 . The HDL, LDL, and VLDL variables were dealt with by imputed values (HDL-1, VLDL-1 and LDL-1) because the loss of information was superior to 20% (linear interpolation -SPSS). 
DISCUSSION
We have made an investigation to try to validate a multivariate explanatory model of the diagnosis of SCRC in Dukes' stages I and IIa using non-conditional logistic regression and "bootstrap" analyses. The original model with six variables was published [18] (Table 1) . Therefore, the time limits of our data collection were from 1992 to 2004. Throughout this time, the inclusion and exclusion criteria were scrupulously respected. The general ratio of prospective / retrospective elements was 4.41/1, which we found acceptable. Each health center and each hospital were connected to each other in such a way that the users of the primary care centers were admitted in the tertiary care centers, thereby fulfilling a precept of case-control studies. The ratio between these was 2.18 controls for each case, which has a level of acceptable internal efficiency with regard to design.
The descriptive results of the complete data package are shown in Table 2 . Among them, it is possible to highlight the arithmetic means of the cases that are lower than those of the controls with regard to the lipid variables referred to, except for the triglycerides. After the application of the Kolmogorov-Smirnov test, it was possible to consider the variables: TC (n = 399), LDL (n = 191), and AP (n = 357) as normal (Table 3) . For the rest of the variables, the null hypothesis of normal distribution was rejected [19] .
There was no significant difference in the distribution by sex between the cases and the controls (Pearson's Chi-Square test, p = 0.20). Neither was there a significant difference found in the distribution by sex and reference centers (Pearson's Chi-Square test, p = 0.26). We believe that these results show the sample to be representative and do not demonstrate origin imbalances. We applied non-conditional LR to try to obtain a model adjusted with the new sample size by means of the backward selection of variables. As mentioned previously, the program used was SPSS. We could obtain a new model that contained the AGE variable, the CA19.9 variable, and the TC (total cholesterol) variable. Thus, three of the six original variables (Table 5 ) [18] could enter in the new model. That was a quite acceptable result for us because it conserved half of the predictors and because it was "coherent" with the clinical and biological reality. The age and CA 19.9 were "predisposing" for the condition with OR's of 1.020 and 1.023 respectively and the rate of total cholesterol adopted an opposite direction with an OR of 0.986, all of them reaching statistical significance (p<0.05). It is possible to affirm that this adjusted and definitive model has displayed a level of validity of 4 over 5 according to the criteria of Justice et al. [22] because it contains multiple independent validations.
The clinical and biological value of CA 19.9 is a fact stated previously in the bibliography [17, 18] . Its elevation is much more frequent in malignant processes than in benign ones, above all in pancreatic, colorectal, pulmonary, liver, and ovarian neoplasias. A very interesting piece of evidence for the control of the classification bias of this article (with regard to the selection of the controls) has been shown in the work Varol et al [27] , where the normality of CA 19.9 in patients with chronic cardiac insufficiency was demonstrated. In other publications, CA 19.9 has not shown as much diagnostic capacity for SCRC when attempting to include it in multivariate models [28] . In this investigation, CEA was not included as an explanatory variable because it did not form part of the original model [18] .
Another very interesting work on the importance of plasma lipid levels in SCRC is that of Notarnicola et al [29] , in which an association was found between the capacity to develop to metastasis and elevated levels of TC and LDL in patients with SCRC. Those findings are consistent with our results because a selection criterion of the cases was that no remote metastasis had developed (Dukes' stage IIA at the most). Our cases tend to present with low lipids. We preferred the Dukes classification [18] to the Astler-Coller [30] classification because of the long period of data collection of our investigation and because it was the one that we used from the beginning. Notarmicola et al. have also published very suggestive findings on the enzymatic changes in the mevalonate pathway in patients with SCRC depending on the location of the tumour in the large intestine [31] .
The use of LR for the observational studies continues to being authenticated by the bibliography, showing similar results if it is compared with the propensity scores [32] or with the artificial neural networks [33] . The use of a method of manual selection of variables is a fact also more and more stated in the bibliography, mainly if the multivariate model is complemented later with "bootstrapping" as it was in our study [34] .
When two different models were generated, the first made with controls gathered in primary care along with all the cases, and the second made with the controls gathered in the hospitals and the same cases, the first showed significant values in the three predictors studied whereas the second only showed them in two of these. First was more efficient and it had higher OR's than the second, as Feinstein et al [23] predicted when studying the epidemiological nature of Berkson's bias (Tables 6 and 7) .
The exploration of interactions showed a significant result in the AGE x CA 19.9 (p<0.005) variable (Table 8 ). The predisposing effect for the condition was potentiated for both variables at the individual level (OR of 1.051 for AGE and OR of 1.138 for CA 19.9) with respect to the model obtained with raw values, but the OR of the variable interaction (AGE x CA 19.9) had an opposite direction. Greenland [35] provides an explanation on the fact that, as in our model of interaction, the coefficient of the product variable is different from those of the individually contemplated variables. The coefficient of the interaction variable reflects only the net balance between the different types of answer implied in the interaction. A coefficient > 0 only implies that the synergistic answers are more frequent than the antagonistic and the competitive answers, but not that these latter ones are absent. A coefficient < 0 only implies that the antagonistic and competitive answers are more frequent than the synergistic, but not that these latest ones do not exist. A coefficient = 0 implies that the synergistic answers are balanced with the antagonistic and competitive answers, but not that the interactions are absent.
Using program R, 2000 "bootstrap" samples were generated from the real data with using the six variables of the original model, considering the variables HDL, VLDL, and LDL in their versions with imputed values HDL-1, VLDL-1 and LDL-1. The coefficients obtained by means of non-conditional LR with the method of backward selection of variables were studied. The AGE, the TC, and CA 19.9 were also the variables that showed significant values (Figures 1 and 2) . Although upper limit of the TC confidence interval reaches to null (Figure 2 ) we ac-cept it like a significant value. VLDL_1 is a quite linearly built variable at this research and so we do not give any importance to its bootstrap analysis ( Figure  2) . The results obtained for the area under the ROC curve (AUC) were also very interesting, the box figure shows that more than half of the values are superior to 0.9 ( Figure 1 ) (in fact they are extraordinary ; we have checked them several times). . These findings grant in the first place a high degree of internal validity to our work and give strength to our observations. Although "bootstrapping" is not a technique of measurement of external validity, it is one of internal validity, which in epidemiological terms is prior to the external [22, 24, 36] .
In short, we have obtained an explanatory model of malignant sporadic neoplasia of the colon in Dukes' stages I and IIA by means of validation of a previous original model [18] . The model, validated by means of logistic regression and "bootstrap" analysis, contains the variables AGE [18] , TC [1, [3] [4] [5] [6] and CA 19.9 [17, [37] [38] [39] (three of the original six) and has a level 4 over 5 according to the criteria of Justice et al. [22] (it means multiple independent validations). The existence of Berkson's bias has been statistically assessed [23] .
